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VEHICLE COMPOSITE CABLE AND
VEHICLE COMPOSITE HARNESS

The present application 1s based on Japanese patent
application No. 2014-258954 filed on Dec. 22, 2014, the

entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a vehicle composite cable and a
vehicle composite harness using the vehicle composite
cable.

2. Description of the Related Art

A composite harness with a composite cable 1s known 1n
which an electric parking brake cable for supplying a current
to an electric parking brake mechanism used to prevent a
wheel from turning after stopping a vehicle and an ABS
sensor cable connected to an ABS sensor for measuring a
rotation speed of wheels during motion of a vehicle are
integrated by one sheath (see JP-B-5541331).

This type of composite harness 1s fixed, at one end, to a
vehicle body and, at the other end, to a wheel supported by
the vehicle body via a suspension. The composite cable 1s
bent when the vehicle body vertically moves relative to a
road surface 1in accordance with the motion of the vehicle
and the composite cable 1s therefore required to have high
bendability. In the composite harness disclosed 1 JP-B-
5541331, an anti-noise shield conductor 1s not provided 1n
the electric parking brake cable and the ABS sensor cable for
the purpose of improving bendability and reducing weight.

SUMMARY OF THE INVENTION

Along with the increasing computerization of vehicles 1n
recent years, plural sensors are attached on a wheel side in
some cases. Where plural signal lines transmitting detection
signals of the plural sensors are collectively covered with
one sheath, crosstalk may be caused between the signal lines
unless a shield conductor 1s provided on each of the plural
signal line.

It 1s an object of the mmvention to provide a vehicle
composite cable that prevents a crosstalk between signal
lines even when a pair of power wires for supplying a
current to an electric parking brake unit and plural signal
lines not covered with a shield conductor are collectively
covered with one sheath, as well as a vehicle composite
harness using the vehicle composite cable.

According to an embodiment of the invention, a vehicle
composite cable comprises:

a pair of power wires for supplying a current to an electric
parking brake unit that generates a braking force after
stopping a vehicle;

a first signal line comprising a twisted pair wire trans-
mitting a first electrical signal during when the vehicle 1s in
motion;

a second signal line comprising a twisted pair wire for
transmitting a second electrical signal also during when the
vehicle 1s 1n motion; and

a sheath collectively covering the pair of power wires and
the first and second signal lines,

wherein the first and second signal lines are not covered
with a shield conductor, and the first signal line 1s separated
from the second signal line by the pair of power wires.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to another embodiment of the invention, a
vehicle composite harness comprises:

the vehicle composite cable defined above, and

a connector attached to at least one of ends of the pair of
power wires and the first and second signal lines that are
exposed from the sheath.

tects of the Invention

Advantageous E

According to an embodiment of the ivention, vehicle
composite cable can be provided that prevents a crosstalk
between signal lines even when a pair of power wires for
supplying a current to an electric parking brake umt and
plural signal lines not covered with a shield conductor are
collectively covered with one sheath, as well as a vehicle
composite harness using the vehicle composite cable.

BRIEF DESCRIPTION OF THE DRAWINGS

Next, the present invention will be explained 1n more
detail in conjunction with appended drawings, wherein:

FIG. 1 1s an 1llustration diagram schematically showing a
configuration of a vehicle 1n which a composite harness 1n
a first embodiment 1s used;

FIG. 2 1s an 1llustration diagram schematically showing a
configuration example of the periphery of a rear wheel;

FIG. 3 1s an 1llustration diagram schematically showing a
specific example of a configuration of a wire harness;

FIG. 4 1s an 1llustration diagram schematically showing
an end portion of a composite cable constituting the wire
harness:

FIGS. SA to 5D are cross sectional views showing the
composite cable and elements of the composite cable;

FIG. 6A 1s an illustration diagram showing an internal
configuration of a composite cable 1n a second embodiment;

FIG. 6B 1s a cross sectional view showing the composite
cable 1n FIG. 6A:;

FIG. 7A 1s an 1illustration diagram showing an internal
configuration of a composite cable 1n a third embodiment;

FIG. 7B 1s a cross sectional view showing the composite
cable 1n FIG. 7TA;

FIG. 8 1s a cross sectional view showing a composite
cable 1n a fourth embodiment:;

FIG. 9 1s a cross sectional view showing a composite
cable 1n a fifth embodiment;

FIG. 10A 1s a cross sectional view showing a composite
cable 1n a sixth embodiment; and

FIG. 10B 1s an 1illustration diagram showing a configu-
ration example of a braided shield of the composite cable in

FIG. 10A.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

First Embodiment

FIG. 1 1s an illustration diagram showing a configuration
of a vehicle mm which a composite harness in the first
embodiment 1s used.

A vehicle 1 has four wheel-wells 100 on a vehicle body
10, and two front wheels 11 and two rear wheels 12 are
respectively arranged in the wheel-wells 100. In the first
embodiment, the vehicle 1 1s a front-wheel-drive vehicle and
the front wheels 11 are driven by a drive force from a drive
source (not shown) such as an engine or electric motor. In
other words, 1n the first embodiment, the front wheels 11 are
drive wheels and the rear wheels 12 are non-driven wheels.

The vehicle 1 also has two electric parking brake units
130 and a control unit 14. The electric parking brake units
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130 are provided so as to respectively correspond to the two
rear wheels 12, are activated by a current supplied from the
control unit 14 and generate a braking force applied to the
rear wheels 12. The control unit 14 can detect an operating
state of a parking brake activation switch 140 provided
inside a passenger compartment of a vehicle and a driver can
activate or deactivate the electric parking brake units 130 by
an on/ofl operation of the parking brake activation switch

140.

When a driver turns the parking brake activation switch
140 from, e.g., an ofl state to an on state during when the
vehicle 1s not 1n motion, an operating current for operating,
the electric parking brake umts 130 1s output from the
control unit 14 for a predetermined period of time (e.g., for
1 second). The electric parking brake units 130 are thereby
activated and generate a braking force applied to the rear
wheels 12. The activated state 1s maintained until a current
to deactivate the electric parking brake units 130 1s output
from the control unit 14. In this manner, the electric parking
brake units 130 generate a braking force mainly after
stopping the vehicle 1.

The control unit 14 outputs a current to deactivate the
clectric parking brake units 130 when the parking brake
activation switch 140 1s switched from the on state to the off
state by an operation of the driver. The control unit 14
outputs a current to deactivate the electric parking brake
units 130 also when, e.g., an accelerator pedal 1s depressed,
in addition to when the parking brake activation switch 140
1s turned ofl.

Meanwhile, each of the front wheels 11 and the rear
wheels 12 1s provided with a wheel speed sensor 131 for
detecting a wheel speed and an air pressure sensor 132 for
detecting air pressure of a tire. The wheel speed sensor 131
itsell 1s a well-known wheel speed sensor which has a
magnetic field sensing element for detecting a magnetic field
of an annular magnetic encoder rotating together with the
front wheel 11 or the rear wheel 12 and detects a wheel speed
(a rotation speed of the front wheel 11 or the rear wheel 12)
based on the cycle of change 1n the direction of the magnetic
field. The air pressure sensor 132 has, e.g., a diaphragm of
which deflection changes in response to air pressure of the
tire, and the air pressure sensor 132 outputs an electrical
signal corresponding to the deflection of the diaphragm.

The control unit 14 1s electrically connected to the wheel
speed sensors 131 and the air pressure sensors 132 of the
front wheels 11 through front wheel wire groups 151 com-
posed of plural wires and front wheel wire harnesses 152. In
cach junction box 153 which 1s fixed to the vehicle body 10,
the front wheel wire group 1351 is connected to the front
wheel wire harness 152. The junction boxes 153 are respec-
tively arranged 1n the vicinities of the pair of right and left
front wheels 11.

The control unit 14 1s also electrically connected to the
clectric parking brake units 130, the wheel speed sensors
131 and the air pressure sensors 132 of the rear wheels 12
through rear wheel wire groups 154 composed of plural
wires and rear wheel wire harnesses 2. The rear wheel wire
harness 2 1s one embodiment of a “composite harness™ of the
invention. In each junction box 155 which 1s fixed to the
vehicle body 10, the rear wheel wire group 154 1s connected
to the rear wheel wire harness 2. The junction boxes 153 are
respectively arranged in the vicinities of the pair of right and
left rear wheels 12.

The front wheel wire groups 1351 are arranged on a wiring,
path 150 provided on the vehicle body 10 1n a bundled state.
The rear wheel wire groups 154 are also arranged on the
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wiring path 150 provided on the vehicle body 10 1 a
bundled state, 1n the same manner as the front wheel wire
groups 151.

One end of the front wheel wire harness 152 1s connected
to the wheel speed sensor 131 and the air pressure sensor
132 of the front wheel 11, and the other end 1s housed 1n the
junction box 153. One end of the rear wheel wire harness 2
1s connected to the electric parking brake unit 130, the wheel
speed sensor 131 and the air pressure sensor 132 of the rear
wheel 12, and the other end 1s housed 1n the junction box
155. The front wheel wire harnesses 152 and the rear wheel
wire harnesses 2 are bent 1n accordance with vertical move-
ment of the front wheels 11 and the rear wheels 12 relative
to the vehicle body 10 during motion of the vehicle 1, and
are thus required to have a high flexibility. Hereinafter, the
rear wheel wire harness 2 1s simply referred to as “wire
harness 2”.

FIG. 2 1s an 1llustration diagram showing a configuration
example of the periphery of the rear wheel 12. The rear
wheel 12 1s supported on the vehicle body 10 by a suspen-
sion 16. The suspension 16 1s composed of an upper arm
161, a lower arm 162, a shock absorber 163 and a suspension
spring 164. Both the upper arm 161 and the lower arm 162
are coupled, at one end, to a knuckle 165 and are coupled,
at the other end, to the vehicle body 10. An outer ring 171
of a hub unit 17 of the rear wheel 12 1s fixed to the knuckle
165. The upper arm 161, together with the shock absorber
163, 1s coupled to a first attachment portion 165a of the
knuckle 1635, and the lower arm 162 1s coupled to a second
attachment portion 1656 of the knuckle 165.

The suspension spring 164 1s coaxially arranged around
the shock absorber 163 and extends and contracts in
response to vertical movement of the vehicle body 10
relative to a road surface. Then, the upper arm 161 and the
lower arm 162 swing relative to the vehicle body 10 1n
accordance with the extension and compression of the shock
absorber 163.

The knuckle 165 also has a third attachment portion 1635c¢
which 1s provided 1n a protruding manner and to which the
clectric parking brake unit 130 1s fixed. The electric parking

brake unit 130 has a main body 130a, a caliper 1305 and a
brake pad 130c¢ fixed to the caliper 1305.

The hub unit 17 has the outer ring 171 and a hub ring 172
supported rotatably with respect to the outer ring 171. A
wheel mounting flange 1724 1s provided on the hub ring 172,
and the rear wheel 12 1s mounted on the wheel mounting
flange 172a. Plural rolling elements (not shown) held by a
retainer are arranged in the hub unit 17 between an inner
peripheral surface of the outer ring 171 and an outer periph-
eral surface of the hub ring 172.

A disc-shaped brake rotor 18, together with a wheel rim
120 of the rear wheel 12, 1s fixed to the wheel mounting
flange 172a of the hub ring 172. The brake rotor 18
integrally has a friction portion 18a {irictionally engaged
with the brake pad 130c¢ of the electric parking brake unit
130 and a fixed portion 185 fixed to the wheel mounting
flange 172a of the hub ring 172. The iriction portion 18a 1s
arranged so that a side surface thereof faces the brake pad
130c of the clectric parking brake umit 130. When the
clectric parking brake unit 130 15 activated, the caliper 1305
1s retracted nto the main body 130q and the brake pad 130c¢
1s pressed against the friction portion 18a of the brake rotor
18. A frictional force is thereby generated between the brake
pad 130¢ and the brake rotor 18 and acts as a braking force
to brake the vehicle 1.

A tire 121 1s mounted on the wheel rim 120. The tire 121
1S a rubber tire formed of a rubber material, such as a
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synthetic rubber or a natural rubber, mixed with a strength-
ening agent, etc. The air pressure sensor 132 1s composed of
a sensing element 132a emitting a radio signal correspond-
ing to air pressure of the tire 121, and an antenna element
1325 for recerving the radio signal emitted from the sensing
clement 132a. The sensing element 132a 1s attached to the
wheel rim 120 and rotates together with the rear wheel 12.
The antenna element 1325 1s fixed to a non-rotating member
which does not rotate with rotation of the rear wheel 12. The
antenna element 1326 1s fixed to the knuckle 165 as a
non-rotating member 1n the first embodiment, but may be
fixed to, e.g., the vehicle body 10.

The radio signal emitted from the sensing element 132a 1s
converted into an electrical signal by the antenna element
1326 and 1s then transmitted to the control unit 14 via the
wire harness 2. The control unit 14 provides an alert to a
driver by warning light or alarm tone when the air pressure
detected by the air pressure sensor 132 1s less than a
predetermined value.

Configuration of Wire Harness 2

FIG. 3 1s an 1illustration diagram showing a specific
example of a configuration of the wire harness 2. FIG. 4 1s
an 1llustration diagram showing an end portion of a com-
posite cable 2A constituting the wire harness 2. FIG. 5A 1s
a cross sectional view showing the composite cable 2A, FIG.
5B 1s a cross sectional view showing an insulated wire 31
constituting a first signal line 30, FIG. 5C 1s a cross sectional
view showing a power wire 21, and FIG. 5D 1s a cross
sectional view showing an insulated wire 41 constituting a
second signal line 40.

In FIG. 3, an end portion on the rear wheel 12 side 1s
shown on the left and an end portion on the junction box 155
1s shown on the right. Hereinatter, an end portion of the wire
harness 2 on the rear wheel 12 side 1s referred to as “one
end” and an end portion on the junction box 1535 side is
referred to as “other end”.

The composite cable 2A has a pair of power wires 21 and
22, the first signal line 30 formed of a twisted pair wire, the
second signal line 40 likewise formed of a twisted pair wire,
a sheath 20 covering the pair of power wires 21 and 22 and
the first and second signal lines 30 and 40 all together, and
a filler 5 housed 1n the sheath 20.

A first power connector 23 used for connection to the
clectric parking brake 130 1s attached to one end of the pair
of power wires 21 and 22, and a second power connector 24
used for connection to the rear wheel wire group 154 1n the
junction box 1535 1s attached to the other end of the pair of
power wires 21 and 22.

The wheel speed sensor 131 1s attached to one end of the
first signal line 30, and a first signal line connecting con-
nector 33 used for connection to the rear wheel wire group
154 1n the junction box 155 i1s attached to the other end.
Meanwhile, an antenna element connecting connector 43
used for connection to the antenna element 1325 of the air
pressure sensor 132 1s attached to one end of the second
signal line 40, and a second signal line connecting connector
44 used for connection to the rear wheel wire group 154 1n
the junction box 155 1s attached to the other end.

The wire harness 2 1s composed of the composite cable
2 A, the first power connector 23, the second power connec-
tor 24, the wheel speed sensor 131, the first signal line
connecting connector 33, the antenna element connecting
connector 43 and the second signal line connecting connec-
tor 44.

The pair of power wires 21 and 22 are used to supply a
current to the electric parking brake unit 130. The first signal
line 30 1s used to transmit a detection signal from the wheel
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speed sensor 131 to the control unmit 14. Meanwhile, the
second signal line 40 1s used transmit a detection signal from
the air pressure sensor 132 to the control umt 14.

That 1s, vehicle state quantity detection signals indicating
the running state of the vehicle 1 are transmitted to the
control unit 14 through the first signal line 30 and the second
signal line 40. The detection signal transmitted from the
wheel speed sensor 131 through the first signal line 30 1s a
signal for detecting a wheel speed of the rear wheel 12 and
1s a specilic example of “the first electrical signal” of the
invention. Meanwhile, the detection signal transmitted from
the air pressure sensor 132 through the second signal line 40
1s a specific example of “the second electrical signal” of the
ivention.

The filler 5 1s present between the pair of power wires 21
and 22 and the first and second signal lines 30 and 40 1nside
the sheath 20. Due to the presence of the filler 5, an outer
peripheral surface 20a of the sheath 20 has a shape closer to
a circle as viewed 1n a cross section orthogonal to a central
axis of the composite cable 2A, and routing properties of the
composite cable 2A are improved. In addition, the filler 5
prevents the sheath 20, the pair of power wires 21 and 22,
the first signal line 30 and the second signal line 40 from
rubbing against each other when the composite cable 2A 1s
bent, thereby increasing bending resistance of the composite
cable 2A.

The sheath 20 1s formed of an nsulating resin. In detail,
a soit polyurethane excellent 1n flexibility and durability 1s
particularly suitable as a material of the sheath 20. As shown
in FIG. S5A, D 1s from 8.0 to 10.0 mm and t 1s from 1.0 to
2.0 mm, where D 1s an outer diameter of the sheath 20 and
t 1s a thickness thereof.

The pair of power wires 21 and 22 are insulated wires
respectively formed by covering central conductors 210 and
220 comprising highly conductive wires of copper, etc., with
insulations 211 and 221 formed of an insulating resin. The
insulations 211 and 221 are formed of, e.g., a crosslinked PE
(polyethylene) or a crosslinked flame-retardant PE (polyeth-
ylene). The outer diameter of the central conductor 210 and
the thickness and outer diameter of the msulation 211 of the
power wire 21 are respectively the same as the outer
diameter of the central conductor 220 and the thickness and
outer diameter of the msulation 221 of the other power wire
22. As shown 1n FIG. 5C, D, 1s from 1.8 to 2.3 mm, t; 1s
from 0.3 to 0.5 mm and D, 1s from 2.9 to 3.1 mm, where
D, 1s the outer diameter of the central conductor 210 of the
power wire 21, t, 1s the thickness of the insulation 211 and
D, 1s the outer diameter of the insulation 211.

The first signal line 30 1s a twisted pair wire formed by
twisting a pair of msulated wires 31 and 32 together at a
predetermined twist pitch. The insulated wire 31, as one of
the pair, 1s formed by covering a central conductor 310
comprising highly conductive wires of copper, etc., with an
insulation 311 formed of an insulating resin. Likewise, the
other msulated wire 32 1s formed by covering a central
conductor 320 comprising highly conductive wires of cop-
per, etc., with an insulation 321 formed of an insulating
resin. Each of the central conductors 310 and 320 of the
insulated wires 31 and 32 1s a twisted wire formed of plural
strands. The insulation 311 and 321 are formed of, e.g., a
crosslinked PE (polyethylene) or a crosslinked flame-retar-
dant PE (polyethylene).

The outer diameter of the central conductor 310 and the
thickness and outer diameter of the insulation 311 of the
insulated wire 31 are respectively the same as the outer
diameter of the central conductor 320 and the thickness and
outer diameter of the mnsulation 321 of the other msulated
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wire 32. In other words, the insulated wires 31 and 32 are
composed of the same elements of the same dimensions. As
shown in FIG. 5B, D,, 1s from 0.6 to 0.9 mm, D, 1s from
1.3 to 1.6 mm and t, 1s from 0.25 to 0.4 mm, where D, 1s
the outer diameter of the central conductor 310 of the
insulated wire 31, t, 1s the thickness of the mnsulation 311 and
D, , 1s the outer diameter of the insulation 311.

The second signal line 40 1s a twisted pair wire formed by
twisting a pair of msulated wires 41 and 42 together at a
predetermined twist pitch. The second signal line 40 1s
twisted at the same twist pitch in the same twisting direction
as the first signal line 30 and 1s configured in the same
manner as the first signal line 30.

In detail, the insulated wire 41 as one of the pair consti-
tuting the second signal line 40 1s formed by covering a
central conductor 410 comprising highly conductive wires
of copper, etc., with an insulation 411 formed of an 1nsu-
lating resin, and the other insulated wire 42 1s likewise
formed by covering a central conductor 420 comprising
highly conductive wires of copper, etc., with an nsulation
421 formed of an msulating resin. Each of the central
conductors 410 and 420 of the insulated wires 41 and 42 1s
a twisted wire formed of plural strands, and the insulation
411 and 421 are formed of, e.g., a crosslinked PE (polyeth-
ylene) or a crosslinked flame-retardant PE (polyethylene).

In the second signal line 40, the outer diameter of the
central conductor 410 and the thickness and outer diameter
of the insulation 411 of the msulated wire 41 are respectively
the same as the outer diameter of the central conductor 420
and the thickness and outer diameter of the insulation 421 of
the other insulated wire 42. In other words, the insulated
wires 41 and 42 are composed of the same elements of the
same dimensions. As shown 1n FIG. SD, D,, 1s from 0.7 to
1.0 mm, D, 1s from 1.4 to 1.8 mm and t, 1s from 0.25 t0 0.4
mm, where D, 1s the outer diameter of the central conductor
410 of the insulated wire 41, t, 1s the thickness of the
insulation 411 and D,, 1s the outer diameter of the imnsulation
411.

In the first embodiment, the outer diameter (thickness)
D, , of the msulated wires 31 and 32 of the first signal line
30 1s about the same as the outer diameter (thickness) D, of
the insulated wires 41 and 42 of the second signal line 40.
In detail, a ratio of D,, to D,, (D,,/D,,) 1s not less than 0.8
and not more than 1.2. The more desirable range of the ratio
of D, to D,, (D,,/D,,)1s not less than 0.9 and not more than
1.1.

In FIG. 5A, dashed lines are outlines of areas 1n which the
pair of msulated wires 31 and 32 of the first signal line 30
and the pair of insulated wires 41 and 42 of the second signal
line 40 are present when viewing the cross section of the
drawing 1n a longitudinal direction of the composite cable
2A.

One end of the sheath 20 of the composite cable 2A 1s
fixed to a non-rotating member which does not rotate with
the rotation of the rear wheel 12. In the first embodiment, the
end of the sheath 20 1s fixed to the knuckle 165 by a fastener
19, as shown 1n FIG. 2. However, 1t 1s not limited thereto.
The end of the sheath 20 may be fixed to a non-rotating
member which does not rotate with the rotation of the rear
wheel 12 but moves vertically, together with the rear wheel
12, relative to the vehicle body 10 1n accordance with the
extension and compression of the suspension spring 164.

The first signal line 30 1s not covered with a shield
conductor. The second signal line 40 1s also not covered with
a shield conductor. Furthermore, the pair of power wires 21
and 22 are also not covered with a shield conductor. In other
words, between the pair of insulated wires 31 and 32 of the
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first signal line 30 and the pair of power wires 21 and 22 and
between the pair of msulated wires 41 and 42 of the second
signal line 40 and the pair of power wires 21 and 22, only
the filler 5 1s present and any conductive members for
shielding electromagnetic wave are not arranged.

This 1s because 1t 1s not necessary to provide a shield
conductor between the first signal line 30 and the pair of
power wires 21 and 22 and between the second signal line
40 and the pair of power wires 21 and 22 since a current
flows through the pair of power wires 21 and 22 mainly
during when the vehicle 1 1s not 1n motion and electrical
signals are transmitted through the first and second signal
lines 30 and 40 mainly during when the vehicle 1 1s 1n
motion.

That 1s, when a current flows through the pair of power
wires 21 and 22, electromagnetic wave generated by the
current can aflect a potential difference between the pair of
insulated wires 31 and 32 in the first signal line 30 and a
potential difference between the pair of insulated wires 41
and 42 1n the second signal line 40. However, since the
control unit 14 can be set to 1gnore the electrical signals
transmitted through the first and second signal lines 30 and
40 during when the vehicle 1 1s not 1n motion, 1.e., when a
vehicle speed 1s zero, an adverse eflect on travel of the
vehicle 1 can be avoided. In addition, not covering the first
and second signal lines 30 and 40 with a shield conductor
increases tlexibility and resulting bendability of the com-
posite cable 2A and also contributes to weight reduction and
cost reduction of the composite cable 2A.

Furthermore, in the first embodiment, the first signal line
30 1s separated from the second signal line 40 by the pair of
power wires 21 and 22. In other words, a space inside the
sheath 20 1s divided by the pair of power wires 21 and 22
into a housing space for the first signal line 30 and a housing
space for the second signal line 40.

This 1s because, 1n view of the fact that crosstalk 1s likely
to occur between the first signal line 30 and the second
signal line 40 when the first and second signal lines 30 and
40 are not covered with a shield conductor as described
above, the composite cable 2A 1s configured that the pair of
power wires 21 and 22 are sandwiched between the first
signal line 30 and the second signal line 40 to suppress
crosstalk. In other words, since the pair of power wires 21
and 22 are interposed between the first signal line 30 and the
second signal line 40, a distance between the first signal line
30 and the second signal line 40 1s always more than a
distance at which crosstalk occurs, and crosstalk between the
first signal line 30 and the second signal line 40 1s thereby
suppressed.

In detail, a distance between the pair of power wires 21
and 22 1s smaller than the thickness of the mnsulated wires 31
and 32 of the first signal line 30 and the thickness of the
insulated wires 41 and 42 of the second signal line 40, so that
the pair of insulated wires 31 and 32 of the first signal line
30 are not directly 1n contact with the pair of insulated wires
41 and 42 of the second signal line 40. In the example shown
in FIG. 5A, the pair of power wires 21 and 22 are in contact
with each other and the distance therebetween 1s zero. In
addition, the central conductors 210 and 220 of the power
wires 21 and 22, which are electrically conductive bodies,
are expected to have a certain shielding effect and crosstalk
1s suppressed also by the shielding eflect of the central
conductors 210 and 220.

In the first embodiment, since the outer diameter D, , of
the insulated wires 31 and 32 of the first signal line 30 1s
about the same as the outer diameter D, of the msulated
wires 41 and 42 of the second signal line 40 as described
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above, the pair of power wires 21 and 22 are located at the
center of the sheath 20 1n an alignment direction of the first

signal line 30 and the second signal line 40 as viewed 1n the
cross section ol the composite cable 2A, and a relative
position of the pair of power wires 21 and 22 with respect
to the first and second signal lines 30 and 40 1s stable. As a
result, the ellect described above 1s exerted more remark-
ably.

In addition, 1n the first embodiment, regions A, and A,
surrounded by the pair of power wires 21 and 22 and the first
and second signal lines 30 and 40 are voids not filled with
the filler 5, as shown 1n FIG. SA. This facilitates termination
of the composite cable 2A.

That 1s, for terminating the composite cable 2A, 1t 1s
necessary to expose the pair of power wires 21 and 22, the
first and second signal lines 30 and 40 and the filler 5 by
cutting and stripping a portion of the sheath 20 and then to
turther cut ofl a portion of the filler 5 exposed from the end
of the sheath 20. At this point, 1f the filler 5 1s filled 1n the
regions A, and A, ,, 1t 1s diflicult to remove the filler 5 since
the pair of power wires 21 and 22 and the first and second
signal lines 30 and 40 obstruct. Therefore, in the first
embodiment, termination ol the composite cable 2A 1s
tacilitated by not filling the filler S in the regions A, and A,
surrounded by the pair of power wires 21 and 22 and the first
and second signal lines 30 and 40.

As the filler 5, 1t 1s possible to use various fibrous
materials such as polypropylene yvarn, aramid fiber, nylon
fiber or fiber plastic, paper and cotton yarn, etc., which are
generally used as cable fillers. In the first embodiment, the
filler 5 contains an artificial polypeptide fiber. The artificial
polypeptide fiber, which 1s also called artificial spider silk
fiber, 1s an artificial fiber consisting mainly of polypeptide
derived from natural spider silk protein and has, e.g., a stress
of 350 to 628.7 MPa and a toughness of 138 to 265.4 MJ/m".
It 1s possible to increase strength of the composite cable 2A
by adding the artificial polypeptide fiber to the filler 5.

The artificial polypeptide fiber described above also may
be added to the sheath 20. Since addition of the artificial
polypeptide fiber increases strength, it 1s possible to reduce
the thickness of the sheath 20, which allows the composite
cable 2A to have higher bendability while maintaining
strength and also to be lighter in weight.

In the first embodiment, since the first signal line 30 and
the second signal line 40 are not covered with a shield
conductor, 1t 1s possible to increases bendability of the
composite cable 2A and also to contribute to weight reduc-
tion and cost reduction of the composite cable 2A. In
addition, since the first signal line 30 1s separated from the
second signal line 40 by the pair of power wires 21 and 22,
crosstalk between the first signal line 30 and the second
signal line 40 1s suppressed. In other words, 1n the first
embodiment, it 1s possible to suppress crosstalk between the
first signal line 30 and the second signal line 40 without
providing a shield conductor for covering the first signal line
30 and the second signal line 40.

Other Embodiments

Composite cables 2B to 2F in second to sixth embodi-
ments of the mvention will be described below. The com-
posite cables 2B to 2F with connectors, etc., attached to ends
of the pair of power wires 21 and 22, the first signal line 30
and the second signal line 40 are configured as wire har-
nesses and are applicable to the vehicle 1 1n the same manner
as the composite cable 2A in the first embodiment. In
addition, the materials and dimensions of the pair of power
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wires 21 and 22 and the insulated wires 31, 32, 41 and 42 of
the first and second signal lines 30 and 40 of the composite
cables 2B to 2F can be the same as those described 1n the
first embodiment.

Second Embodiment

The second embodiment of the invention will be
described 1n reference to FIGS. 6 A and 6B. The composite
cable 2B 1n the second embodiment 1s provided with the
sheath 20, the pair of power wires 21 and 22, the first signal
line 30, the second signal line 40 and the filler 5 and 1s
configured that the first signal line 30 1s separated from the
second signal line 40 by the pair of power wires 21 and 22
in the same manner as the composite cable 2A in the first
embodiment, but a twist phase of the first signal line 30 1s
different from that of the second signal line 40. This difler-

ence will be mainly described below.

FIG. 6A 1s an illustration diagram showing an internal
configuration of the composite cable 2B in the second
embodiment and FIG. 6B is a cross sectional view showing
the composite cable 2B. In FIG. 6A, an internal configura-
tion of the composite cable 2B 1s shown by cutting the
sheath 20 along a longitudinal direction so that each half has
a semicircular cross section, and the illustration of the filler
5 1s omuitted.

The composite cable 2B 1n the second embodiment has
the first signal line 30 formed by twisting the pair of
isulated wires 31 and 32 and the second signal line 40
formed by twisting the pair of insulated wires 41 and 42 1n
the same manner as the composite cable 2A of the first
embodiment. Also, a twist pitch P, of the pair of insulated
wires 31 and 32 of the first signal line 30 1s the same as a
twist pitch P, of the pair of insulated wires 41 and 42 of the
second signal line 40.

However, a twist phase of the pair of insulated wires 31
and 32 of the first signal line 30 1s different from that of the
pair of insulated wires 41 and 42 of the second signal line 40,
such that the pair of insulated wires 41 and 42 of the second
signal line 40 are aligned along a direction orthogonal to an
alignment direction of the pair of power wires 21 and 22
when the pair of 1insulated wires 31 and 32 of the first signal
line 30 are aligned along a direction parallel to the alignment
direction of the pair of power wires 21 and 22, as viewed 1n
the cross section of FIG. 6B which i1s orthogonal to a
longitudinal direction of the sheath 20.

This configuration allows the sheath 20 to have a smaller
diameter. In other words, the composite cable 2B 1n the
second embodiment can have a smaller diameter than the
composite cable 2A 1n the first embodiment.

That 1s, 1n the composite cable 2 A of the first embodiment,
the sheath 20 needs to have an inner diameter which does not
allow a distance between the pair of power wires 21 and 22
to be increased by a pressing force from the first signal line
30 and the second signal line 40 even at positions where both
the pair of insulated wires 31 and 32 of the first signal line
30 and the pair of insulated wires 41 and 42 of the second
signal line 40 are aligned 1n a direction orthogonal to the
alignment direction of the pair of power wires 21 and 22 as
shown 1n FIG. SA. On the other hand, in the second
embodiment, since the pair of insulated wires 31 and 32 of
the first signal line 30 and the pair of insulated wires 41 and
42 of the second signal line 40 are not aligned 1n a row at any
positions, 1t 1s possible to reduce the mner diameter of the
sheath 20 as compared to the composite cable 2A 1n the first
embodiment.
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Also 1n the composite cable 2B of the second embodi-
ment, regions A,, and A,, surrounded by the pair of power
wires 21 and 22 and the first and second signal lines 30 and
40 are voids not filled with the filler 5 to facilitate termina-
tion of the composite cable 2B, in the same manner as the
composite cable 2A 1n the first embodiment.

As described above, in the second embodiment, 1t 1s
possible to reduce a diameter of the composite cable 2B,
leading to improvement 1n the routing properties of the

composite cable 2B, in addition to the functions and eflects
described 1n the first embodiment.

Third Embodiment

Next, the third embodiment of the invention will be
described in reference to FIGS. 7A and 7B. The composite
cable 2C 1n the third embodiment 1s provided with the sheath
20, the pair of power wires 21 and 22, the first signal line 30,
the second signal line 40 and the filler 5 and 1s configured
that the first signal line 30 i1s separated from the second
signal line 40 by the pair of power wires 21 and 22 in the
same manner as the composite cable 2A 1n the first embodi-
ment, but a twist pitch of the first signal line 30 1s different
from that of the second signal line 40. This difference will
be mainly described below.

FIG. 7A 1s an 1illustration diagram showing an internal
configuration of the composite cable 2C 1n the third embodi-
ment and FIG. 7B 1s a cross sectional view showing the
composite cable 2C. In FIG. 7A, an internal configuration of
the composite cable 2C 1s shown by cutting the sheath 20
along a longitudinal direction so that each half has a semi-
circular cross section, and the illustration of the filler 5 1s
omitted.

The composite cable 2C 1n the third embodiment has the
first signal line 30 formed by twisting the pair of 1nsulated
wires 31 and 32 and the second signal line 40 formed by
twisting the pair of msulated wires 41 and 42 1n the same
manner as the composite cable 2A of the first embodiment,
but the twist pitch P, of the pair of insulated wires 31 and 32
of the first signal line 30 1s different from the twist pitch P,
of the pair of insulated wires 41 and 42 of the second signal
line 40.

In addition, 1n the third embodiment, the twist pitch P, of
the second signal line 40 1s larger than the twist pitch P, of
the first signal line 30 and i1s not less than double the twist
pitch P,. Alternatively, the twist pitch P, of the first signal
line 30 may be larger than the twist pitch P, of the second

signal line 40 1n an opposite manner and, moreover, may be
not less than double the twist pitch P, of the second signal
line 40.

As a result, curls or kinks on the composite cable 2C 1n
the third embodiment can be reduced as compared to the
composite cable 2A 1n the first embodiment. Generally,
when plural twisted pair wires are housed 1n one sheath,
curls or kinks corresponding to a winding direction of the
twisted pair wires may cause the entire cable to twist and
turn, resulting in a decrease in routing properties. Mean-
while, 1n the third embodiment, since the twist pitch P, of the
pair of msulated wires 31 and 32 of the first signal line 30
1s diflerent from the twist pitch P, of the pair of insulated
wires 41 and 42 of the second signal line 40, curls or kinks
are less likely to occur on the composite cable 2C as
compared to, €.g., a cable 1n which the twist pitch P, of the
second signal line 40 1s equal to the twist pitch P, of the first
signal line 30. This effect 1s more remarkable when one of
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the twist pitch P, of the first signal line 30 and the twist pitch
P, of the second signal line 40 1s not less than double the
other.

In addition, when the twist pitch P, of the first signal line
30 and the twist pitch P, of the second signal line 40 are
different, 1t 1s desirable that signal lines transmitting elec-
trical signals with a longer variation period be twisted at a
larger twist pitch. Generally, twisted pair wires with a larger
twist pitch are more likely to be aflected by electromagnetic
noise. However, 1f the variation period of the signal 1s long,
for example, averaging plural detection results from plural
sampling periods or 1gnoring a detection result significantly
different from the others as an outlier allows the twisted pair
wires to be less likely to be aflected by electromagnetic
noise even when the twist pitch 1s increased.

Based on this, in the composite cable 2C of the third
embodiment, the twist pitch P, of the second signal line 40
transmitting a detection signal from the air pressure sensor
132 1s larger than the twist pitch P, of the first signal line 30
transmitting a signal for detecting a wheel speed.

Also 1n the composite cable 2C of the third embodiment,
regions A,, and A, surrounded by the pair of power wires
21 and 22 and the first and second signal lines 30 and 40 are
voids not filled with the filler § to facilitate termination of
the composite cable 2C, 1n the same manner as the com-
posite cable 2A 1n the first embodiment.

As described above, 1n the third embodiment, 1t 1s pos-
sible to reduce curls or kinks on the composite cable 2C, 1n
addition to the functions and eflects described in the first
embodiment.

Fourth Embodiment

Next, the fourth embodiment of the invention will be
described 1n reference to FIG. 8. FIG. 8 1s a cross sectional
view showing the composite cable 2D 1n the fourth embodi-
ment.

The composite cable 2D 1n the fourth embodiment 1s
provided with the sheath 20, the pair of power wires 21 and
22, the first signal line 30 and the second signal line 40 and
1s configured that the first signal line 30 1s separated from the
second signal line 40 by the pair of power wires 21 and 22
in the same manner as the composite cable 2A 1n the first
embodiment, but the filler 5 1s not provided and the pair of
power wires 21 and 22, the first signal line 30 and the second
signal line 40 are thus held by the sheath 20.

Also 1n the composite cable 2D of the fourth embodiment,
regions A, and A, surrounded by the pair of power wires
21 and 22 and the first and second signal lines 30 and 40 are
volds which can be compressed by external pressure. Ter-

mination of the composite cable 2D is thereby facilitated, in
the same manner as the first embodiment.

The same functions and eftects as those described 1n the
first embodiment are also obtained in the fourth embodi-

ment. In addition, the manufacturing process 1s simplified
since the filler 5 1s not arranged inside the sheath 20.

As an alternative, the artificial polypeptide fiber described
previously may be added to the sheath 20 of the composite
cable 2D. Use of the sheath 20 containing the artificial
polypeptide fiber increases strength of the sheath 20 per se
and thus allows the outer diameter of the sheath 20 to be
reduced, and it 1s thereby possible to reduce the diameter and

weight of the composite cable 2D.

Fitth Embodiment

Next, the fifth embodiment of the invention will be
described 1n reference to FI1G. 9. FIG. 9 15 a cross sectional
view showing the composite cable 2E 1n the fifth embodi-
ment.
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The composite cable 2E 1n the fifth embodiment 1s
different from the composite cable 2D in the fourth embodi-
ment 1n that a lubricant 6 for reducing frictional resistance
and thereby improving lubricity 1s arranged between the
sheath 20 and the pair of power wires 21 and 22/the first and
second signal lines 30 and 40. In other words, the composite
cable 2E 1n the fifth embodiment i1s configured that the pair
of power wires 21 and 22 and the first and second signal
lines 30 and 40 are held by the sheath 20 via the lubricant
6.

The lubricant 6 can be preferably formed of talc
(Mg.S1,0,,(0OH),) or silica (810,), etc., having a particle
s1ize of, e.g., 5 to 50 um. The particle size here means a
particle diameter obtained by a method defined by JIS 8801
such as sieve analysis, microscopy, a laser difiraction scat-
tering method, an electrical sensing method or a chroma-
tography method. Alternatively, a paper tape or lubricant o1l
may be used as the lubricant 6.

In the composite cable 2E in the fifth embodiment, the
lubricant 6 allows the pair of power wires 21 and 22 and the
first and second signal lines 30 and 40 to move more
smoothly inside the sheath 20 than those in the composite

cable 2D 1in the fourth embodiment and this increases
bendability.

Sixth Embodiment

Next, the sixth embodiment of the invention will be
described 1n reference to FIGS. 10A and 10B. FIG. 10A 1s
a cross sectional view showing the composite cable 2F 1n the
sixth embodiment, and FIG. 10B i1s an illustration diagram
showing a configuration example of a braided shield 7 of the
composite cable 2F.

The composite cable 2F 1in the sixth embodiment 1s
formed by adding the braided shield 7 to the composite cable
2A 1n the first embodiment. In other words, the composite
cable 2F 1n the sixth embodiment has the sheath 20, the pair
of power wires 21 and 22, the first signal line 30, the second
signal line 40 and the filler 5, and 1s further provided with
the braided shield 7 which 1s arranged inside the sheath 20
so as to collectively cover the pair of power wires 21 and 22
and the first and second signal lines 30 and 40.

To form the braided shield 7, plural highly conductive
strands 70 of copper, etc., are braided with an artificial
polypeptide fiber 71 1n a lattice pattern. In more detail, the
braided shield 7 1s an artificial spider silk fiber-mixed
braided shield in which the plural highly conductive strands
70 of copper, etc. and the artificial polypeptide fiber 71
(artificial spider silk fiber) are braided 1n a lattice pattern at
a predetermined ratio. The “predetermined ratio” here
means a ratio at which the originally itended shielding
function 1s not impaired. The same artificial polypeptide
fiber described 1n the first embodiment can be used as the
artificial polypeptide fiber 71.

As a possible modification, the braided shield 7 may be a
laminated braided shield in which a braided shield layer
formed by braiding the plural highly conductive strands 70
of copper, etc. 1n a lattice pattern and an artificial spider silk
braided layer formed by braiding the artificial polypeptide
fiber 71 (artificial spider silk fiber) in a lattice pattern are
laminated.

Use of the artificial polypeptide fiber 71 (artificial spider
silk fiber) as described above allows weight of the braided
shield to be reduced.

In this regard, the artificial spider silk braid (artificial
spider silk braided layer) described above 1s applicable not
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only to cables but also to hoses such as brake hose and 1is
used 1 a wide range of fields.

In the sixth embodiment, an adverse eflect of electromag-
netic wave from outside of the braided shield 7 on electrical
signal transmission through the first and second signal lines
30 and 40 can be suppressed, 1 addition to the functions and
eflects described 1n the first embodiment. In addition, 1t 1s
also possible to suppress an adverse eflect of electromag-
netic wave generated by a current tflowing through the pair
of power wires 21 and 22 on communication through other
cables. Furthermore, since the plural highly conductive
strands 70 of copper, etc., are braided with the artificial
polypeptide fiber 71 1n a lattice pattern to form the braided
shield 7, strength of the braided shield 7 1s increased and the
strands 70 formed of a metal such as copper can be pre-
vented from breaking even when the composite cable 2F 1s
repeatedly bent. This allows thin strands 70 to be used and

it 1s thus possible to increase bendability of the composite
cable 2F.

SUMMARY OF THE EMBODIMENTS

Technical 1deas understood from the embodiments will be
described below citing the reference numerals, etc., used for
the embodiments. However, each reference numeral, etc.,
described below i1s not intended to limit the constituent
clements 1n the claims to the members, etc., specifically
described in the embodiments.

[1] A vehicle composite cable (2ZA to 2F), comprising: a
pair of power wires (21, 22) for supplying a current to an
clectric parking brake unit (130) that generates a braking
force after stopping a vehicle (1); a first signal line (30)
comprising a twisted pair wire transmitting a first electrical
signal during when the vehicle (1) 1s 1n motion; a second
signal line (40) comprising a twisted pair wire transmitting,
a second electrical signal also during when the vehicle (1) 1s
in motion; and a sheath (20) collectively covering the pair of
power wires (21, 22) and the first and second signal lines
(30, 40), wherein the first and second signal lines (30, 40) are
not covered with a shield conductor, and the first signal line
(30) 1s separated from the second signal line (40) by the pair
of power wires (21, 22).

| 2] The vehicle composite cable (2A to 2F) defined by [1],
wherein the first electrical signal comprises a wheel speed
detection signal for detecting a rotation speed of a wheel
(rear wheel 12), and the second electrical signal comprises
a vehicle state quantity detection signal indicating a running

state of the vehicle (1) different from the rotation speed of
the wheel (12).

|3] The vehicle composite cable (2A to 2F) defined by [1]
or [2], wherein regions (A, and A,,, A,, and A,,, A;, and
As,, A, and A 4,) surrounded by the pair of power wires (21,
22) and the first and second signal lines (30, 40) form a
space.

[4] The vehicle composite cable (2A to 2F) defined by any
one of [1] to [3], wherein an outer diameter (D,,) of
insulated wires (31, 32) paired and constituting the first
signal line (30) 1s about the same as an outer diameter (D)
of insulated wires (41, 42) paired and constituting the second
signal line (40).

[ 5] The vehicle composite cable (2A to 2F) defined by any
one of [1] to [4], wherein the first and second signal lines
(30, 40) are respectively formed by twisting the pairs of
insulated wires (31, 32, 41, 42) at the same twist pitch (P,,
P,) and different twist phases, and wherein the pair of
insulated wires (41, 42) constituting the second signal line
(40) are arranged along a direction orthogonal to an align-
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ment direction of the pair of power wires (21, 22) when the
pair of msulated wires (31, 32) constituting the first signal
line (30) are arranged along a direction parallel to the
alignment direction of the pair of power wires (21, 22), as
viewed 1n a cross section orthogonal to a longitudinal
direction of the sheath (20).

[6] The vehicle composite cable (2A to 2F) defined by any
one of [1] to [4], wherein the first and second signal lines
(30, 40) are respectively formed by twisting the pairs of
insulated wires (31, 32, 41, 42) at diflerent twist pitches (P,,
P.).

['7] The vehicle composite cable (2A to 2F) defined by [ 6],
wherein one of the twist pitch (P, ) of the first signal line (30)
and the twist pitch (P,) of the second signal line (40) 1s not
less than double the other.

[8] The vehicle composite cable (2A to 2F) defined by any
one of [1] to [7], wherein the sheath (20) includes an
artificial polypeptide fiber.

[9] The vehicle composite cable (2A to 2F) defined by any
one of [1] to [8], further comprising a filler (5) 1nside the
sheath (20) and among the pair of power wires (21, 22) and
the first and second signal lines (30, 40), wherein the filler
(5) includes an artificial polypeptide fiber.

[10] The vehicle composite cable (2A to 2F) defined by
any one of [1] to [9], further comprising a braided shield (7)
inside the sheath (20) so as to collectively cover the pair of
power wires (21, 22) and the first and second signal lines
(30, 40), wherein strands (70) constituting the braided shield
(7) are braided with an artificial polypeptide fiber (71).

[11] The vehicle composite cable (2A to 2F) defined by
any one of [1] to [8], wherein the pair of power wires (21,
22) and the first and second signal lines (30, 40) are held by
the sheath (20) via a lubricant (6) comprising powder.

[12] A vehicle composite harness (2), comprising: the
vehicle composite cable (2A to 2F) defined by any one of [1]
to [11], and a connector attached to at least one of ends of
the pair of power wires (21, 22) and the first and second
signal lines (30, 40) that are exposed from the sheath (20).

Although the embodiments of the invention have been
described, the invention according to claims i1s not to be
limited to the embodiments. Further, 1t should be noted that
all combinations of the features described in the embodi-
ments are not necessary to solve the problem of the inven-
tion.

In addition, appropriate modifications of the invention can
be implemented without departing from the gist of the
invention. For example, although the second signal line 40
transmits a detection signal from the air pressure sensor 132
in the embodiments, it 1s not limited thereto. In other words,
the second signal line 40 can transmit any vehicle state
quantity detection signal indicating a running state of the
vehicle 1 different from the rotation speed of the wheel. The
state quantity of the vehicle may be, e.g., a current supplied
to an electric motor when driving the rear wheel 12 by an
clectric motor (in-wheel motor), or may be a steering angle
of the rear wheel 12 when steered at a given angle.

In addition, when the electric parking brake unit 130 1s
provided also on the front wheel 11, a wire harness formed
by attaching connectors etc., to any of the composite cables
2A to 2F may be used on the front wheel 11 side.

What 1s claimed 1s:

1. A vehicle composite cable, comprising:

a pair ol power wires for supplying a current to an electric
parking brake unit that generates a braking force after
stopping a vehicle, each of the power wires comprising
a central conductor and an 1nsulator covering the cen-
tral conductor;
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a first signal line comprising a first twisted pair wire for
transmitting a first electrical signal during when the
vehicle 1s 1n motion, the first twisted pair wire com-
prising a pair of first mnsulated wires twisted together,
cach of the first insulated wires comprising a central
conductor and an insulator covering the central con-
ductor:;

a second signal line comprising a second twisted pair wire
for transmitting a second electrical signal also during
when the vehicle 1s in motion, the second twisted pair
wire comprising a pair ol second insulated wires
twisted together, each of the second insulated wires
comprising a central conductor and an 1nsulator cov-
ering the central conductor; and

a sheath collectively covering the pair of power wires and
the first and second signal lines,

wherein the pair of power wires and the first and second
signal lines are not covered with a shield conductor, and
the first signal line 1s separated from the second signal
line by the pair of power wires, each having an outer
diameter greater than each of the first insulated wires
and each of the second insulated wires such that the first
and second signal lines are separated by a distance at
which crosstalk 1s suppressed,

wherein the first twisted pair wire and the second twisted
pair wire are arranged on opposite side with respect to
a line connecting respective centers of the pair of power
WIres.

2. The vehicle composite cable according to claim 1,
wherein the first electrical signal comprises a wheel speed
detection signal for detecting a rotation speed of a wheel,
and

wherein the second electrical signal comprises a vehicle
state quantity detection signal indicating a running state
of the vehicle different from the rotation speed of the
wheel.

3. The vehicle composite cable according to claim 1,
wherein a region surrounded by the pair of power wires and
the first and second signal lines form a space.

4. The vehicle composite cable according to claim 1,
wherein an outer diameter of insulated wires paired and
constituting the first signal line 1s equal to an outer diameter
of msulated wires paired and constituting the second signal
line.

5. The vehicle composite cable according to claim 1,
wherein the first and second signal lines are respectively
formed by twisting the pairs of msulated wires at the same
twist pitch and different twist phases, and

wherein the pair of insulated wires constituting the second
signal line are arranged along a direction orthogonal to
an alignment direction of the pair of power wires when
the pair of 1nsulated wires constituting the first signal
line are arranged along a direction parallel to the
alignment direction of the pair of power wires, as
viewed 1n a cross section orthogonal to a longitudinal
direction of the sheath.

6. The vehicle composite cable according to claim 1,
wherein the first and second signal lines are respectively
formed by twisting the pairs of insulated wires at difierent
twist pitches.

7. The vehicle composite cable according to claim 6,
wherein one of the twist pitch of the first signal line and the
twist pitch of the second signal line 1s not less than double
the other.
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8. A vehicle composite cable, comprising:

a pair ol power wires for supplying a current to an electric
parking brake unit that generates a braking force after
stopping a vehicle;

a first signal line comprising a twisted pair wire trans-
mitting a first electrical signal during when the vehicle
1S 1n motion;

a second signal line comprising a twisted pair wire for

transmitting a second electrical signal also during when
the vehicle 1s 1n motion; and

a sheath collectively covering the pair of power wires and
the first and second signal lines,

wherein the first and second signal lines are not covered
with a shield conductor, and the first signal line 1s

10

separated from the second signal line by the pair of 13

power wires, and wherein the sheath includes an arti-
ficial polypeptide fiber.

9. A vehicle composite cable, comprising: a pair of power
wires for supplying a current to an electric parking brake
unit that generates a braking force after stopping a vehicle;
a first signal line comprising a twisted pair wire transmitting
a first electrical signal during when the vehicle 1s 1n motion;
a second signal line comprising a twisted pair wire for
transmitting a second electrical signal also during when the
vehicle 1s 1n motion; and a sheath collectively covering the
pair of power wires and the first and second signal lines,
wherein the first and second signal lines are not covered with
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a shield conductor, and the first signal line 1s separated from
the second signal line by the pair of power wires with a filler,
and, wherein the filler includes an artificial polypeptide fiber.

10. A vehicle composite cable, comprising: a pair of
power wires for supplying a current to an electric parking
brake unit that generates a braking force after stopping a
vehicle; a first signal line comprising a twisted pair wire
transmitting a first electrical signal during when the vehicle
1s 1n motion; a second signal line comprising a twisted pair
wire for transmitting a second electrical signal also during
when the vehicle 1s 1n motion; and a sheath collectively
covering the pair of power wires and the first and second
signal lines, wherein the first and second signal lines are not
covered with a shield conductor, and the first signal line 1s
separated from the second signal line by the pair of power
wires, and, wherein the composite cable includes a braided
shield, wherein strands constituting the braided shield are
braided with an artificial polypeptide fiber.

11. The vehicle composite cable according to claim 1,
wherein the pair of power wires and the first and second
signal lines are held by the sheath via a lubricant.

12. A vehicle composite harness, comprising:

the vehicle composite cable according to claim 1, and

a connector attached to at least one of ends of the pair of

power wires and the first and second signal lines that
are exposed from the sheath.
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